A survey to obtain information on pre-and postharvest handling of peanuts at farmer, collector, wholesaler and retailer levels, including Aspergillus flavus infection and aflatoxin BI contamination of peanuts collected in Cianjur regency, West Java, was conducted during the harvest period of the wet season of February 2004. The moisture contents and physical qualities of the peanuts were also determined.
INTRODUCTION
Peanuts are next to maize and soybean as the most important secondary crop in Indonesia. Since Indonesia has a humid tropical climate, peanuts can easily be 1 infected by moulds (including A. flavus) under drought stress before harvest, during the drying phase in the field, or under poor storage conditions. Aflatoxin has been recognized as a human and domestic animal carcinogen, and is produced following infection of peanuts by certain strains of A. flavus. Pitt and Hocking (1996) reported that 45% of 215 peanut samples collected from farm storage, middlemen and retailers in Bogor (West Java), Yogyakarta (Central Java), and their surroundings, contained more than 50 ppb of aflatoxin, 33% more than 300 ppb, and 22 % exceeded 1000 ppb.
The total annual cost of aflatoxins in peanuts in 1991 in Indonesia, Philippines and Thailand was estimated as about $ A 158 million. Indonesia incurred 84% (= $ A 132 million) of this cost (Lubulwa and Davis 1994) .
According to Dharmaputra et al. (2003a) , in general, aflatoxin BI contents of peanuts collected from farmer's fields/pewefoas/collectors and processed samples in the Pati regency of Central Java were low (less than 15 ppb). The highest aflatoxin B| contents were found in raw peanut kernels collected from retailers in traditional markets, ranging from 2-124 and < 4 -342 ppb during the wet and dry seasons in 2002, respectively. The percentage of raw kernel samples contaminated with aflatoxin BI (exceeding 15 ppb) collected during the wet and dry seasons was 33 and 25%, respectively.
Another study was also carried out by Dharmaputra et al. (2005) on aflatoxin BI contents of peanuts collected from farmer's fields, collectors and retailers in the Wonogiri regency and specifically the city of Surakarta (Central Java) during the wet and dry seasons in 2003. The results also showed that the highest aflatoxin B, contents were found in raw peanut kernels collected from retailers in traditional markets, with the range of < 3.6 -1859.3 and < 3.6 -5511.5 ppb during the wet and dry seasons, respectively. The percentage of raw kernel samples contaminated with aflatoxin BI (exceeding 15 ppb) collected during the wet and dry seasons was 33 and 76 %, respectively.
The 23 rd session of the Joint FAO/WHO Food Standards Programme held in Rome, Italy (28 June-3 Julyl999) reported that Codex Alimentarius Commission has adopted a maximum level of total aflatoxins in peanuts intended for further processing at 15 ppb. On 9 September 2004 the National Agency for Drug and Food Control, Republic of Indonesia has determined that aflatoxin BI and total aflatoxin contents in processed peanut products should not be more than 20 and 35 ppb, respectively.
To minimize or to reduce aflatoxin contamination in peanuts, appropriate post-harvest handling methods in each level of peanut delivery chain (farmer, collector, wholesaler, and retailer) should be carried out.
The objective of this study was to obtain information on pre-and postharvest handling methods, Aspergillus flavus infection and aflatoxin BI contamination of peanuts collected from different points of the delivery chains in Cianjur regency of West Java. The moisture contents and physical quality of peanut kernels were also determined.
MATERIALS AND METHODS Time and location of surveys
Surveys were conducted during the harvest of the wet season (February 2004) at Cidaun, Naringgul and Sindangbarang districts located in Cianjur regency, and the city of Cianjur, West Java. Based on the information obtained from the Indonesian Government Regional Office for Food Crops of West Java Province, peanut production was high in Cianjur regency and it ranks second after Garut regency. Peanut production was high at Cidaun, Naringgul and Sindang Barang districts according to the information obtained from the Indonesian Government Regional Office for Food Crops of Cianjur regency.
The surveys comprised:
• interviews, using questionnaires, with farmers, collectors, wholesalers and retailers. The questionnaires consisted of questions relating to pre-and postharvest handling of peanuts.
• random sampling of various kinds of peanut products collected from farmers, collectors, wholesalers and retailers who were interviewed.
The moisture contents, physical quality of kernels, fungal (A. flavus) infection and aflatoxin B, contents from each sample were analyzed.
Sampling methods
Based on differences of storage duration, more than one peanut sample could be obtained from each farmer, collector and wholesaler. The kind of peanuts sampled included dry pods and kernels. Samples of dry pods (about 2 kg each) were divided three times manually and homogeneously to obtain working samples (about 250 g each) for analyzing moisture contents, physical quality of kernels, percentage of kernels infected by A. flavus, aflatoxin BI content, and a reserve sample. The dry peanut pods were then shelled manually.
Samples of dry peanut kernels (about 1 kg each) were also divided three times using a box divider to obtain working samples (about 125 g each) for analyzing moisture contents, physical quality of kernels, percentage of kernels infected by A. flavus, aflatoxin BI content, and a reserve sample.
Moisture content, physical quality of kernels, A. flavus and aflatoxin BI analyses
Moisture contents of kernels (based on a wet basis) were analyzed using a SINAR TM AP 6060 Moisture Analyzer. The moisture contents of some samples were confirmed using the oven method (BSI 1995) . Two replicates were used from each sample.
Physical quality of kernels was assessed in intact, shriveled and damaged kernels. The damaged kernels included cracked, broken, discoloured, and damage caused by insects or fungi. The percentage of each category of kernels was determined by counting them and dividing the total number of kernels used for physical quality analysis.
The percentage of kernels infected by A. flavus was determined using a plating method (100 kernels per sample) on Aspergillus flavus and parasiticus agar (AFPA) (P'Metal. 1983).
Aflatoxin BB t was analyzed because it is the most dangerous toxin. Aflatoxin B, contents in the kernels were determined using the EL1SA method (Lee and Kennedy 2002) , with two replicates used for each sample.
RESULTS AND DISCUSSION Source, kind and number of samples
At the farmer level (12 farmers), 13 samples of dry peanut pods were collected, while at collector level (23 collectors), 40 samples of dry pods and 7 samples of dry kernels (1 kg/sample) were collected. At the wholesaler and retailer levels (2 wholesalers and 45 retailers), 5 and 45 samples of dry peanut kernels were collected, respectively. Thus, the total number of samples was 110. Details of the peanut delivery chain, location and number of peanut samples are presented in Table 1 .
Results of interviews with farmers, collectors, wholesalers and retailers concerning pre-and postharvest handling of peanuts

Interview with farmers
The results from farmer interviews (12 respondents) are presented in Table 2 . All farmers (100%) planted a local variety of peanuts, with most of the seed sources from farmers (83% of respondents). Fanners harvested their peanuts at 90 to 100 days after planting. During planting, all of respondents used fertilizer, such as urea, TSP and K.C1. Weed control was conducted manually. Farmers sun-dried peanut pods for 3 -4 days. Most of the farmers used woven polypropylene bags (67% of respondents) to dry peanuts. Based on their experiences, farmers could determine when their peanuts were fully dried for safe storage. Sixty seven percent of respondents stored peanuts in woven polypropylene bags for 1 -7 days before selling to collectors. All respondents sold peanuts to collectors in the form of dry pods. Interestingly, all respondents were not aware of the aflatoxin problem in peanuts.
Interview with collectors
The result of interview with collectors (23 respondents) are presented in Table 3 .Based on their experience the collectors knew whether their peanuts were Fully dry. Before selling to wholesalers, peanuts were stored in woven polyPropylene bags (91% respondents), or by spreading them on paved floor (9% of respondents) for 1-30 days. Peanuts were sold to wholesalers in the form of dry pods (35% of respondents), or as dry pods and kernels to wholesalers and retailers (9% of respondents) in the city of Cianjur. Peanuts were also sold to wholesalers in the form of dry pods (43% of respondents), and to wholesalers and retailers in the form of kernels (4% of respondents) in the big cities of West, Central and East Java. All respondents shelled peanut pods using a diesel powered sheller. Most collectors (87% of respondents) sorted peanuts manually before selling them to wholesalers. All respondents were not aware of aflatoxin problem in peanuts.
Interview with wholesalers
The results of interview with wholesalers (2 respondents) are presented in Table 4 . At the wholesaler level peanuts were stored in woven polypropylene bags (50% of respondents), as well as in woven polypropylene and jute bags (50% of respondents). The stacks of bags containing peanuts were not placed on pallets. Peanuts samples were stored for 1 month (50% of respondents) and 1-2 months (50% of respondents). Fifty percents of the respondents sold only peanuts, while 50% of respondents sold peanuts and other commodities such as wheat flour and peanut oil. Peanuts were sold to smaller wholesalers in the cities of Bandung, Bogor and Jakarta.
Interview with retailers
The results of interview with retailers (45 respondents) are presented in Table 5 . Fifty three percent of respondents bought their peanuts from wholesalers, while 47% of respondent bought peanuts from farmers and collectors. Peanuts were stored in woven polypropylene bags (71% of respondents) and jute bags (29% of respondents) for 1 -7 days. Containers used at the time of sampling were rectangular plastic basins (42% of respondents), winnowing trays (29% of respondents), wooden boxes (18% of respondents), round plastic basins (5% of respondents), woven polypropylene bags (4% of respondents) and jute bags (2% of respondents). Aside from peanuts, retailers also sold other general commodities. Peanut buyers included sellers of peanut sauce products for making gado-gado, pecel and sate, as well as house wives. Retailers were also not aware of the aflatoxin problem in peanuts.
Moisture contents, physical quality of kernels, the incidence of A. flavus and aflatoxin contamination
Moisture contents
According to Diener and Davis (1969) moisture content is an important factor affecting the growth of A. flavus and aflatoxin production.
The range and mean moisture contents of kernels derived from various kinds of peanuts collected from farmers, collectors, wholesalers and retailers are presented in Table 6 and Figure 1 . The moisture contents of kernels collected from farmers was relatively similar to those collected from collectors and retailers, while the moisture contents of kernels collected from wholesalers was the lowest. This was due to the storage duration of peanuts at farmer and collector levels which were relatively shorter than those at the wholesaler level (Tables 2, 3 and 4). The moisture contents of kernels were always in equilibrium with the relative humidity of storage room.
The range and mean moisture contents of kernels derived from various kinds of peanuts and collected from farmers, collectors, wholesalers and retailers were 5.9 -9.9% and 8.4%; 7.8 -9.6% and 8.7%; 8.1 -9.4% and 8.9%; 6.2 -8.8% and 7.5%; 6.5 -9.3% and 8.5%, respectively (Table 6 ). In general, the mean of moisture content of peanut kernels in each delivery chain were considered safe for storage. SNI (1995) determined that the safe moisture contents for storage of peanut pods and kernels were 9 and 8%, respectively.
Moisture content of pods and kernels are closely related with the drying process. Sun-drying is the most critical postharvest handling procedure for peanuts, especially when the harvest coincides with the wet season. According to Wongvirajtana et al. (1993) the duration of sun-drying can significantly affect fungal growth in grains, with the longer the period of sun-drying, the more chance for the fungi to infect the grains.
Physical quality of kernels
Range and mean of physical quality characteristics of kernels derived from various kinds of peanuts collected from farmers, collectors, wholesalers and retailers are presented in Table 6 , and Figure 2 . The percentage of intact kernels of peanuts collected from farmers was the highest, followed by those collected from collectors, wholesalers and retailers. This was probably due to the peanuts which have not being shelled using mechanical or diesel powered sheller at the farmer level, while the duration of storage of peanuts was relatively short (< 7 days). The percentages of shriveled kernels in each of the delivery chain were relatively the same (more than 22%). SNI (1995) determined the maximum percentage of shriveled kernels is 4%, consequently the percentage of shriveled kernels in each delivery chain can be categorized as very high. This was probably due to the early harvest. Results of interviews with farmers showed that 59% of respondents harvest peanuts 90 days after planting (Table 2) . Peanuts harvested before full maturity will tend to produce shriveled kernels after drying, consequently the kernels could be more easily infected by fungi.
The percentage of damaged kernels collected from retailers was the highest, followed by that collected from wholesalers, collectors and farmers. The damaged kernels could have been caused by insects, rodents and fungal attacks, and inappropriate equipment used for the shelling of pods. The highest percentage of damaged kernels at the retailer level was probably due to the longer duration of postharvest handling from farmer up to the retailer.
The range and mean percentages of intact kernels derived from various kinds of peanuts and collected from farmers, collectors, wholesalers and retailers were 59. 6 -83.9% and 74.8%; 42.2 -83.0% and 70.0%; 56.2 -77.3% and 69.0%; 37.8 -93.4% and 63.6%; 29.3 -73 .0% and 56.3%, respectively. The range and mean-percentages of shriveled kernels derived from various kinds of peanuts and collected from farmers, collectors, wholesalers and retailers were 14.2 -36.6% and 22.9%; 13.7 -56.4% and 28.0%; 19.7 -41.7% and 27.9%; 3.3 -50.7% and 29.0%; 15.9 -39.0% and 29.0%, respectively. The range and mean percentages of damaged kernels derived from various kinds of peanuts and collected from farmers, collectors, wholesalers and retailers were 0.6 -4.9% and 2.3%; 0.6 -5.6% and 2.2%; 2.1 -4.5% and 3.1%; 3.2 -15.6% and 7.4%; 4.1 -40.3% and 14.7%, respectively.
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The incidence o/A. flavus
The percentage of samples infected by A. flavus, range and mean percentages of infected kernels in infected samples of peanuts collected from farmers, collectors, wholesalers and retailers are presented in Table 6 , Figures 3 and 4. The percentage of samples infected by A. flavus was highest in peanuts collected from wholesalers and retailers (100%, respectively), followed by those collected from collectors in the form of pods (85%) and kernels (85.7%), and farmers (84.6%). The mean percentage of infected kernels in infected samples of peanuts collected from retailers was the highest (87.6%), followed by those collected from wholesalers (72.4%), collectors in the form of kernels (23.3%) and pods (17.7%), and farmers (15.2%). The highest percentage of peanut samples and mean percentages of infected kernels in infected samples collected from retailers was related to the methods of postharvest handling from farmers up to retailers, as well as the duration of storage. Peanut kernels were more easily infected by fungi compared to unshelled peanuts. The damaged kernels were more easily infected by fungi compared to intact kernels. Dharmaputra and Retnowati (1996) observed that the range in percentage of peanut kernels infected by A. flavus in samples collected from retailers in some locations in West Java during the wet season was 83 -100%. Aspergillus flavus was found in 98% of 256 peanut kernel samples and in 61% of all examined kernels collected from retailers in some locations in West and Central Java (Pitt e? al. 1998 ). According to Dharmaputra et al. (2003) 24 raw kernel samples collected from retailers in traditional markets located in Bogor, Pati, Yogyakarta and Malang were 100% infected with A. flavus during both the wet and dry seasons, respectively. Dharmaputra et al. (2005) also reported that 98 and 100% of 54 raw peanut kernel samples collected from retailers during the wet and dry seasons in Wonogiri regency, West Java, were infected by A. flavus, respectively.
Aflatoxin B : contamination
The range of aflatoxin B| contents in peanut kernels derived from various kinds of peanuts and collected from farmers, collectors, wholesalers and retailers is presented in Table 6 . The range of aflatoxin B, contents in peanut samples collected from retailers (< 3.6 -6073.0 ppb) was the widest, but almost similar to those collected from wholesalers (< 3.6 -6065.9 ppb).
The percentage of samples contaminated with different levels of aflatoxin B| is shown in Table  7 . In Australia the maximum allowable limit of aflatoxin in peanut and peanut products is 15 ppb (QDPI 2000) . The percentage of samples contaminated with more than 15 ppb of aflatoxin Bj was highest in peanuts collected from wholesalers (80% of samples), followed by retailers (75.6%), farmers (38.5%) and collectors in the form of pods and kernels (30.0 and 14.3%, respectively), although the highest percentage of samples infected by A. flavus was found in peanuts collected from retailers, followed by those collected from wholesalers, collectors and farmers. This may have been associated with differences in the existence of toxigenic strains of A. flavus. According to Pitt and Hocking (1997) aflatoxin production depends on the toxigenicity of strains of A. flavus. The presence of antagonistic fungi to toxigenic A. flavus could also inhibit aflatoxin production. Dharmaputra et al. (2001) reported that A. niger was the most promising antagonistic fungus to toxigenic strains of A. flavus, because it inhibited aflatoxin production up to 80% under in vitro conditions. The percentages of peanut samples infected by A. niger at farmer, collector, wholesaler and retailer levels in Cianjur regency were 69.2, 80 and 85.7, 60 and 76.5%, respectively.
At the farmer level, no sample was contaminated with aflatoxin Bj at more than 1000 ppb. At the collector, wholesaler and retailer levels, 1 sample (2.5% of collected samples), 3 samples (60% of collected samples) and 7 samples (15.6% of collected samples) contained more than 1000 ppb of aflatoxin BI, respectively. At the collector level, aflatoxin BI content in one sample was 3000 ppb. The highest aflatoxin BI content measured at the wholesaler and retailer level was 6066 ppb (in one sample) and 6073 ppb (in one sample), respectively. Pitt and Hocking (1996) concluded that more than 1000 ppb of aflatoxin could cause acute toxic both in humans and animals.
Although the percentage of samples contaminated with aflatoxin B i exceeding 15 ppb at the farmer level (38.5%) was higher than that at the collector level (30%), aflatoxin BI contents more than 500 ppb were found in 4 peanut samples collected from collectors, while the highest aflatoxin B] content at farmer level was 114.2 ppb. This results showed that aflatoxin BI contents at the collector level are generally higher than at the farmer level, probably because the duration of storage at the collector level was longer, and under poorer storage conditions compared to that at the farmer level (Tables 2 and 3) .
At the farmer level, 2 peanut samples were not infected by A. flavus, but they were contaminated with aflatoxin B, (Table 6 ). It was therefore assumed that these peanuts were infected by A. flavus before harvest, or during sun-drying, and contaminated with aflatoxin B! during sun-drying. Further sun-drying, and in the presence of antagonistic fungi to A. flavus, could inhibit or kill A. flavus. Therefore, aAspergillus flavus infection and aflatoxin contamination in peanuts -Okky S. Dharmaputra et al. no A. flavus was isolated using AFPA media, but aflatoxin B, still existed. Buchi and Rae (1969) found that aflatoxin could only be degraded at 268 -269°C.
CONCLUSIONS
In Cianjur regency farmers dried (sun-drying) peanut pods until safe moisture contents were obtained, and sold peanuts to collectors in the form of dry pods. In general, farmers stored peanuts in woven polypropylene bags for 1 -7 days before selling to collectors. Collectors sold the peanuts to wholesalers and retailers in the form of dry pods and kernels. Collectors shelled the peanut pods using diesel powered shellers. At the wholesaler level, peanuts were stored in woven polypropylene and jute bags. In general, stacks of bags containing peanuts were not placed on pallets. Retailers stored peanuts in woven polypropylene and jute bags for 1 -7 days. Most retailers used rectangular plastic basins as containers when the peanut sampling was being conducted, followed by winnowing trays, wooden boxes, round plastic basins, woven polypropylene bags and jute bags.
The mean moisture contents of peanut kernels derived from various kinds of peanuts in each part of the delivery chain were considered to have safe moisture contents. The percentages of intact peanut kernels collected from farmers was the highest, followed by those collected from collectors, wholesalers and retailers. The percentages of shriveled kernels collected from different parts of the delivery chains were relatively similar. The percentage of damaged kernels collected from retailers was the highest, followed by that collected from wholesalers, collectors and farmers.
The percentages of samples infected by A. flavus in peanuts collected from wholesalers and retailers were the highest (100%, respectively), followed by those collected from collectors and farmers. The mean percentages of infected kernels in infected samples collected from retailers were the highest, followed by those collected from wholesalers, collectors and farmers.
The range of aflatoxin BI contents in peanut samples collected from retailers (< 3.6 -6073.0 ppb) was the widest, but almost similar with that collected from wholesalers (< 3.6 -6065.9 ppb). The percentage of samples contaminated with more than 15 ppb of aflatoxin B) collected from wholesalers (80.0% of samples) was the highest, followed by retailers (75.6%), farmers (38.5%) and collectors in the form of pods and kernels (30.0 and 14.3%, respectively).
Our results show that postharvest handling methods employed prior to peanuts being delivered to wholesalers and retailers will have a severe impact on the level of aflatoxin contamination in peanuts in different parts of the delivery chain. Postharvest handling methods that minimize kernel infection by A. flavus and aflatoxin contamination, especially at wholesalers and retailers in traditional markets should be employed to minimize aflatoxin contamination for Indonesian peanut consumers.
